Energies and lifetimes are reported for the lowest 375 levels of five Br-like ions, namely Sr IV, Y V, Zr VI, Nb VII, and Extensive configuration interaction has been included and the general-purpose relativistic atomic structure package (grasp) has been adopted for the calculations. Additionally, radiative rates are listed among these levels for all E1, E2, M1, and M2 transitions. From a comparison with the measurements, the majority of our energy levels are assessed to be accurate to better than 2%, although discrepancies between theory and experiment for a few are up to 6%. An accuracy assessment of the calculated radiative rates (and lifetimes) is more difficult, because no prior results exist for these ions.
Introduction
Atomic data for energy levels and radiative decay rates (A-values) are required for the modelling of of plasmas, such as astrophysical and fusion. Generally, comparatively lighter ions (Z ≤ 30) are of relevance to both astrophysical and fusion plasmas, but the heavier ones are mostly useful for the latter, mainly for assessing and controlling the radiation loss. With the ongoing ITER project, the need for atomic data for a wide range of ions has become greater. Therefore, in a recent paper, we [1] [6] we demonstrated that these discrepancies are due to the results of [4] being unreliable. However, in [6] the atomic data are restricted to the 31 levels of the 4s 2 4p 5 , 4s 2 4p 4 4d and 4s4p 6 configurations, although calculations were performed for up to 3990 levels. Therefore, in this paper we report complete results among the lowest 375 levels of these ions.
Energy levels
For our calculations we have adopted the fully relativistic multi-configuration Dirac-Fock (MCDF) code, originally developed by Grant et al. [5] . The code is based on the jj coupling scheme and includes higher-order relativistic corrections arising from the Breit interaction and QED (quantum electrodynamics) effects, which are important for the heavy ions considered here. However, this initial version of the MCDF code has undergone multiple revisions, and is now better known as GRASP [7] . The version adopted in our work has been revised by one of its authors (Dr. P.
H. Norrington), is referred to as GRASP0, and is freely available at http://web.am.qub.ac.uk/DARC/. It provides comparable results with other revisions, such as GRASP2K [8, 9] .
In our calculations, extensive configuration interaction (CI) has been included among 39 configurations, namely Table 1 of our earlier paper [6] .
As noted earlier for some Ni ions [10] [11] and Xe [12] . The ions considered here have nuclear charges between those of Kr and Xe.
In Tables 1-5 we list our lowest 375 energy levels for five Br-like ions with 38 ≤ Z ≤ 42. Comparisons with the measurements compiled by NIST have already been discussed in our earlier work [6] , but only for 31 levels of the 4s 2 4p 5 , 4s 2 4p 4 4d and 4s4p 6 configurations. However, NIST energies are also available for a few other higher lying levels, particularly those of 4p 4 5s for all ions, and of many more configurations of Sr IV. Therefore, in Table A we compare our calculated energies with the NIST listings for the common levels of Sr IV. For most levels the theoretical energies agree with the NIST values within 2%, but discrepancies for a few are up to 6%, particularly among the lowest 60 levels in Table A .
We would like to stress here that the LSJ labels assigned to the levels in Tables 1-5 are not always unique, because levels from different configurations mix strongly and sometimes the eigenvector of the same level/configuration dominates for two (or even three) levels. This is a common problem for all calculations, particularly when the CI is important as in the present case. However, the ambiguity in the configuration/level designation is only for a few levels in each ion. In Table B we list the mixing coefficients for the lowest 50 levels of Sr IV -see in particular, levels 14, 18, 39, and 50, which are highly mixed. Hence, the LSJ designations provided in Tables 1-5 [6] . In Table C we make a similar comparison for all levels of the 4s 2 4p 5 , 4s4p 6 , 4s 2 4p 4 4d/4f, and 4s 2 4p 4 5ℓ configurations of Sr IV. These levels are not listed in the ascending order of energy, but in the order of the configurations for easier understanding. Furthermore, the energy differences between the two independent calculations are listed in both magnitude and percentage for a ready reference. Although energy differences for most levels are below 1%, discrepancies are up to 3.5% for a few, particularly for those of the n=4 configurations for which energies from FAC are invariably higher. Correspondingly energy differences between the NIST compilation and FAC calculation has increased for most levels, and therefore a larger expansion is not helpful. A closer agreement between theoretical and experimental energies for these levels may perhaps be achieved by the inclusion of an enormously large CI (involving over a million levels or configuration state functions, CSF), as shown by Froese Fischer [14] for W XL, where she performed extremely large calculations for a limited set of levels. Unfortunately, for the greater number of levels involved in the present work and for five ions, such calculations are not possible with our computational resources.
Radiative rates
The absorption oscillator strength (f ij ) for a transition i → j is a dimensionless quantity and is related to the radiative rate A ji (in s −1 ) by the following expression:
where m and e are the electron mass and charge, respectively, c the velocity of light, λ ji the transition wavelength inÅ, and ω i and ω j the statistical weights of the lower i and upper j levels, respectively. Similarly, the oscillator strength f ij Tables 6-10 , because the corresponding results for f-or S-values can be easily obtained using Eqs. (1) (2) (3) (4) (5) given in [1] .
Since the length form is considered to be comparatively more accurate, results listed in Tables 6-10 are in this form alone. However, for accuracy assessment we have also listed the ratio R of the velocity and length forms for all E1
transitions.
For comparison purpose there are no available data in the literature for A-values. However, based on calculations with differing amount of CI, codes, and the ratio of the forms in length and velocity, the accuracy of our A-values has been assessed in our earlier paper [6] . It is estimated to be ∼20% for transitions with f ≥ 0.01. However, that comparison was limited to transitions among the 31 levels of the 4s 2 4p 5 , 4s 2 4p 4 4d and 4s4p 6 configurations, and hence
is not applicable to a wider range of transitions listed in Tables 6-10 . For example, there are 2431 transitions of Sr IV in Table 6 for which f(E1) ≥ 0.01, and ∼59% differ by over 20%. Their number reduces to 20% if R is taken to be within 50% and only 3% transitions differ by over an order of magnitude -see for example: 4-67, 5-66, and 6-65, all of which have f < 0.1. For weaker transitions the ratio R may be up to several orders of magnitude.
In Table D we compare our GRASP results for A-and f-values with the corresponding FAC calculations, for transitions from the lowest two to higher excited levels, up to 49, of Sr IV. Unfortunately, differences for a few transitions are up to a factor of 5. Most such transitions are comparatively weak (such as 1-11, 1-33 and 2-18), and larger differences for these are not surprising, because of differences in the methodology and the CI. However, the 1-32 transition is strong (f = 0.84) but the corresponding result from FAC is lower by a factor of three. Inclusion of larger CI generally increases the accuracy of A-values. However, in the present case it may not be true as was discussed earlier in section 2 for energy levels. Finally, there are no discrepancies with the Biémont et al. [3] A-values for the M1 and E2 (4s
Lifetimes
The lifetime τ of a level j is determined as follows:
In Tables 1-5 
Conclusions
Adopting the grasp code, energy levels and radiative rates (for E1, E2, M1, and M2 transitions) for the lowest 375 levels of 5 Br-like ions (Sr IV, Y V, Zr VI, Nb VII, and Mo VIII) have been presented. Additionally, lifetimes for these levels are also listed although no other data are available in the literature with which to compare our results. For most energy levels and for all ions, the accuracy of our results is estimated to be better than 2%. This assessment is based on comparisons with the results listed by NIST. However, there is scope for improvement because for a few levels the discrepancies between theory and measurement are up to 6%. Although length and velocity forms of the A-values have been discussed and comparisons with the FAC code with larger CI have been made, it is not possible to assign any accuracy estimate for the radiative data. Future calculations and measurements (particularly for lifetimes) will be helpful in the accuracy assessment of our listed data.
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Appendix A. Supplementary data
Owing to space limitations, only parts of Tables 6-10 are presented here, the full tables being made available as supplemental material in conjunction with the electronic publication of this work. Supplementary data associated with this article can be found, in the online version, at doi:nn.nnnn/j.adt.2015.nn.nnn. Explanation of Tables   Table 1. Energies (Ryd) for the lowest 375 levels of Sr IV and their lifetimes (τ , s).
Index Level Index Configuration
The configuration to which the level belongs Level The LSJ designation of the level Energy Present energies from the grasp code with 3990 level calculations τ (s)
Lifetime of the level in s Table 2 . Energies (Ryd) for the lowest 375 levels of Y V and their lifetimes (τ , s).
Lifetime of the level in s Table 3 . Energies (Ryd) for the lowest 375 levels of Zr VI and their lifetimes (τ , s).
Lifetime of the level in s Table 4 . Energies (Ryd) for the lowest 375 levels of Nb VII and their lifetimes (τ , s).
Lifetime of the level in s Table 5 . Energies (Ryd) for the lowest 375 levels of Mo VIII and their lifetimes (τ , s).
Lifetime of the level in s Table 6 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Sr IV. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
i and j
The lower (i) and upper (j) levels of a transition as defined in Table 1 . Table 7 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Y V. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 2 . λ ij Transition wavelength (inÅ)
Line strength in atomic unit (a.u.), 1 a.u. = 6.460×10 −36 cm 2 esu 2 for the E1 transitions A E2 ji Radiative transition probability (in s
Ratio of velocity and length forms of A-(or f-and S-) values for the E1 transitions a±b ≡ a × 10 ±b Table 8 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Zr VI. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 3 . Table 9 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Nb VII. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 4 . Table 10 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Mo VIII. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 5 . 
Table 7
Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for E2, M1, and M2 transitions in Y V. The last column gives R(E1), the ratio of velocity and length forms of A-values for E1 transitions. 
Table 8
Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for E2, M1, and M2 transitions in Zr VI. The last column gives R(E1), the ratio of velocity and length forms of A-values for E1 transitions. a±b ≡ a×10 ±b . See page 16 for Explanation of Tables   i  j  λ 
Table 10
Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for E2, M1, and M2 transitions in Mo VIII. The last column gives R(E1), the ratio of velocity and length forms of A-values for E1 transitions. 
